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LTB4 in nephrotoxic serum nephritis in rats. We studied leukotriene
B4 (LTB4) synthesis in isolated glomeruli of rats with nephrotoxic
serum nephritis. This nephritis was induced in male Sprague Dawley
rats by injecting one proteinuric dose of nephrotoxic serum (rabbit
anti-rat-GBM serum) after prior immunization of the rats with rabbit
IgG. Histological and analytical examinations were performed in kid-
neys perfused until free of blood 6, 12, 24, 48 and 72 hours after
induction of the disease. To investigate LTB4 production, glomeruli
were isolated and incubated for one hour in the presence of Ca-
ionophore A23187. The supernatants were analyzed for LTB4. The
peak comigrating on reverse-phase high performance liquid chromatog-
raphy (RP-HPLC) with reference LTB4 was isolated. The ethyl ester
trimethylsilyl ether derivative of this peak was analyzed by gaschro-
matography-mass spectrometry (GC/MS). Identical spectra of the gb-
merular samples and of reference LTB4 in the positive and in the
negative ion chemical ionization mode provided unequivocal evidence
that the substance released from the nephritic glomeruli was indeed
LTB4. Six hours after injection of nephrotoxic serum, glomerular LTB4
release was highest with 5.52 0.50, then declining to 2.20 0.10 ngl
mg glomerular protein at 12 hours. At 24, 48 and 72 hours no
statistically significant difference from control animals was found. No
metabolism of LTB4 to 20-hydroxy- or 20-carboxy-LTB4 was detected
during the incubation period. Albuminuria developed during the first 24
hours after nephrotoxic serum challenge and rose steadily throughout
the observation period up to 277 25 mg/24 hr after 72 hours. This
study demonstrates glomerular LTB4 synthesis in nephrotoxic serum
nephritis under in vitro conditions and upon stimulation by calcium
ionophore. Our results suggest that LTB4 might be an important
component in the initial phase of this type of glomerulonephritis.
In immunologically-mediated glomerular disease such as
nephrotoxic serum nephritis, alteration of arachidonic acid
metabolism has been described [1]. Enhanced synthesis of
thromboxane and prostaglandins has been reported [2] to influ-
ence renal function and hemodynamics [3, 4]. Leukotrienes
form a group of potent inflammatory mediators [51with marked
renal effects when administered experimentally. They can
cause renal vasoconstriction [6, 7], mesangial cell contraction
[8] and glomerular epithelial cell proliferation [9]. Of special
interest with regard to acute inflammatory disease is LTB4. This
leukotriene increases vascular permeability [10], and is one of
the most powerful chemotactic agents known [11].
We therefore investigated whether LTB4 might be involved in
the response to glomerular immune injury. For this purpose
glomerular release of LTB4 was assessed during the early stages
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of nephrotoxic serum nephritis [12]. Up to now controversy
exists regarding the synthesis of LTB4 in glomerulonephritis.
Both enhanced and unchanged LTB4 release in nephrotoxic
serum nephritis have been reported [13, 14]. These reports are
based on radioimmunological detection of LTB4. Yet, immuno-
logical analysis of LTB4 may be complicated by crossreactivity
of the antibody with trans-isomers, metabolites, and other
unknown compounds [15], thus leading to difficulties in inter-
pretation of the results [161. Therefore, in our study of nephro-
toxic serum nephritis, emphasis was placed on unequivocal
identifi•cation by employing gaschromatography-mass spec-
trometry (GC/MS) analysis for LTB4.
Methods
Animals and induction of glomerulonephritis
Nephrotoxic serum nephritis was induced in male Sprague
Dawley rats weighing 200 to 300 g.
Nephrotoxic serum was obtained from white New Zealand
rabbits after immunization with homogenized rat glomeruli and
complete Freund's adjuvans (CFA; Diffco, Detroit, Michigan,
USA). Injection of 0.75 ml of nephrotoxic serum induced
marked albuminuria in rats, and immunofluorescence micros-
copy of rat kidneys showed linear glomerular staining with
anti-rabbit IgG.
Nephrotoxic serum nephritis in rats was induced by intrave-
nous injection of 0.75 ml nephrotoxic serum one week after
intracutaneous preimmunization with 1 mg of rabbit IgG/100 g
body wt dissolved in CFA [12]. Animals were sacrificed 6, 12,
24, 48 and 72 hours after injection of nephrotoxic serum.
Control groups consisted of untreated animals and of animals
with intracutaneous injection of rabbit IgG and CFA one week
prior to sacrifice.
For morphological studies, the rats were anaesthetized with
thiobutobarbital (mactin; Byk Gulden, Konstanz, FRG), and
kidneys were perfused in situ for ten minutes with ice-cold PBS
and thereafter with glutaraldehyde 2% for seven minutes. Light
microscopy (hematoxyline, periodic acid Schiff reaction, tolui-
dine blue), electron microscopy and immunofluorescence with
anti-rabbit and anti-rat IgG were performed according to stan-
dard techniques.
Urinary albumin excretion was determined using radial
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immunodiffusion techniques [17].
Isolation of glomeruli
For the preparation of glomeruli, the kidneys of two rats per
experiment were perfused in situ for 10 minutes until free of
blood. The perfusion medium was ice-cold phosphate buffered
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saline free of Ca and Mg, pH 7.40; the perfusion pressure
was 100 mm Hg. The giomeruli were isolated by differential
sieving and suspended in 4.9 ml of modified Hank's buffer with
NaHCO3 10 mmollliter, HEPES 25 mmol/liter, CaC12 1.25
mmollliter, glucose 1.60 mmol/liter, BSA 0.01% at pH 7.25 and
37°C. After 30 minutes the Ca -ionophore A 23187 was added
to a final concentration of 10 mol/1iter. The incubation volume
was 5 ml, with a mean glomerular protein concentration of 3.5
mg/mi. Sixty minutes after addition of the Ca -ionophore the
incubation was stopped by centrifugation at 1500 x g for 15
minutes. The supernatant was analyzed for LTB4. Glomerular
protein was determined by the method of Lowry et a! [18].
HPLC
For reverse-phase high performance liquid chromatography
(RP-HPLC) analysis, the glomerular supernatants were evapo-
rated under reduced pressure for three to four hours at 0°C,
redis solved in methanol: water (1:1) and stored at 4°C for at least
one hour. Reverse-phase HPLC was then carried out on an
ODS-Hypersil column (5 pin particles, Shandon, Frankfurt,
FRG) using a LKB solvent delivery system and a Kratos
UV-VIS detector. The mobile phase consisted of acetonitrile:
methanol:water, 30:30:40 vol%, adjusted to pH 5.4. The flow
rate was 1 mI/mm. LTB4, 20-OH- and 20-COOH-LTB4 were
monitored at 270 nm and identified by their retention time. The
detection limit per injection was 750 pg (OD: 0.0024) corre-
sponding to about 300 pg LTB4/mg glomerular protein in this
study. The recovery of LTB4 from supernatants was calculated
for each sample by spiking with tritiated LTB4 (specific activity:
150 Cilmmol, Amersham, Buchier, Braunschweig, FRG) and
averaged 47% (range 43 to 51%) for all samples. Figure 1 shows
a representative RP-HPLC analysis of a glomerular sample. No
conversion of 3H-LTB4 to 6-trans-3H-LTB4-isomers was ob-
served as determined by RP-HPLC.
The relationship between the number of glomeruli and the
amount of LTB4 expressed as ng LTB4/mg of glomerular
protein was studied in the kidneys of three preimmunized rats
which had received nephrotoxic serum six hours before sacri-
ficing. Glomeruli were split in a ratio of 2:1 and then incubated,
stimulated and analyzed for LTB4 as described above. The
smaller fraction contained 5.9 mg glomerular protein and pro-
duced 38.4 ng LTB4, while the larger fraction contained 12.6 mg
glomerular protein and produced 68.8 ng LTB4.
Metabolism of LTB4 by glomeruli and granulocytes
Metabolism of LTB4 was studied by adding LTB4 (50 ng) and
3H-LTB4 (0.17 tCi) in 5 ml modified Hank's buffer to control
and nephritic glomeruli obtained 24 hours after administration
of nephrotoxic serum. After a one hour incubation period
supernatants were analyzed by RP-HPLC as described above.
Granulocytes were obtained from the blood of the same rats (N
= 2) by the method of Boyum [19]. They were incubated for one
hour with the same concentrations of 3H-LTB4 and LTB4 as for
the glomeruli and the supernatants were analyzed by RP-
HPLC.
Determination of LTB4 by GC/MS
Instruments. A Finnigan 9611 GC with a glass-lined injector
and a 15 m x 0.25 mm fused silica capillary column with a 0.25
tm layer of cross linked DB 1 (J & W Scientific, Rancho
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Fig. 1. RP-HPLC-analysis of supernatants from glomeruli stimulated
for one hour with A23 187. Glomeruli were obtained from rats six hours
after induction of nephrotoxic serum nephritis. (A) A representative
chromatogram, monitored at 270 nm. (B) Separation of synthetic
leukotrienes (10 ng each). (C) Distribution of radioactivity derived from
3H-LTB4 added simultaneously with A23187 to the sample shown in
(A).
Cordova, California, USA) was connected to a Finnigan MAT
TSQ 45 triple quadrupole mass spectrometer. The carrier gas
(helium) was at a pressure of 55 kPa at the head of the column,
which was leading directly into the ion source. The temperature
of the injector was 260°C and the column was programmed from
210 to 240°C. A constant temperature of 240°C was kept at the
interface.
Mass spectrometry. Mass spectra were obtained either in
electron impact or chemical ionization mode with positive or
negative ions monitored. In the electron impact mode the
parameters were: source temperature 120°C, electron current
300 A and electron energy 70 eV. For chemical ionization
spectra, the reagent gas was methane at a source pressure of 65
Pa and a source temperature of 110°C, with an ionization energy
of 120 eV and an electron current of 300 pA. Detection limit for
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LTB4 was 2 pg per injection in the negative ion chemical
ionization mode.
Derivatization. After purification by RP-HPLC, the isolated
fractions were evaporated in vacuo, redissolved in 100 td of dry
ethanol and treated with 1.5 ml etheral diazoethane or 2,2,2-
trideutero-diazoethane at 4°C for one hour. The supernatant
was then transferred to a silanized vial to separate it from the
insoluble buffer salts and evaporated by a stream of nitrogen.
Twenty-five microliters of N,O-bis(trimethylsilyl)trifluoroace-
tamide (BSTFA; Pierce, Rockford, Illinois, USA) were added
and the solution was kept at 40°C for one hour. For quantitation
purposes about 5 ng of the trideutero ethyl ester of LTB4 were
added to the biological sample following derivatization to the
ethyl ester.
Statistical analysis
Values given are means SEM. For albuminuria one-way
analysis of variance and the Duncan test for multiple compari-
sons of dependent samples were used. LTB4 production was
analyzed by one-way analysis of variance and the Duncan test
for multiple comparisons of independent samples.
Reagents
All reagents were of analytical grade and obtained from
Sigma Chemical Company (Munich, FRG) unless otherwise
indicated.
Results
Albuminuria
The daily albumin excretion in untreated rats was 0.7 0.1
mg/24 hr (N 12). In rats one week after intracutaneous
injection of rabbit IgG and CFA it was 0.8 0.2 mg/24 hr (N
10). After nephrotoxic serum injection albuminuria rose to 76
13 mg/24 hr (N = 11) during the first 24 hours and then increased
to 187 19 mg124 hr (N = 9) after 48 hours and to 277 25 mg/
24 hr (N = 9) after 72 hours (P < 0.01 for all values after
nephrotoxic serum vs. both untreated and preimmunized rats).
Morphology
Light microscopy showed glomerular capillaries to be virtu-
ally free of blood following our perfusion procedure.
By electron microscopy some granulocytes adhering to the
glomerular capillary wall were seen in nephritic rats throughout
the studied period. This was most prominent at 6 and 12 hours
after injection of nephrotoxic serum. No wall-adhering granu-
locytes were found in the glomeruli of control rats.
Immunofluorescence showed heavy linear staining of glomer-
uli capillary walls for rabbit and rat IgG at 6, 12, 24, 48 and 72
hours after nephrotoxic serum.
GC/MS analysis of LTB4
Supernatants of glomeruli of rats with and without nephro-
toxic serum nephritis were purified and derivatized as indi-
cated. A representative positive chemical ionization spectrum
of material obtained from nephritic glomeruli and of authentic
LTB4-derivative is shown in Figure 2. The two spectra are
virtually identical except for some minor impurities in the
biological sample. Spectra of authentic LTB4 ethyl ester tn-
methyl silyl ether showed characteristic masses at m/z 329
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CH3).
Negative ion chemical ionization spectra were also obtained
and showed identity with authentic LTB4. A negative ion
chemical ionization spectrum of authentic LTB4 ethyl ester
TMS ether showed only one mass, m/z 328 (M-2 x TMSOH)
and 331 for the trideuterated ethyl ester. Negative ion chemical
ionization analysis resulted in the best sensitivity of the three
ionization methods and proved to give least interference with
other compounds.
Typical selected ion monitoring-tracings in the negative ion
chemical ionization mode indicating the glomerular presence of
LTB4 in nephrotoxic serum nephritis are shown in Figure 3.
When glomeruli from nephritic rats were incubated without
A23l87, no LTB4 was detected.
Time course of LTB4 synthesis
With RP-HPLC-UV detection, no LTB4 was found in incu-
bation media of glomeruli from normal rats (N = 20). One week
after immunization with rabbit IgG and CFA, 0.46 0.03 ng
LTB4/mg glomerular protein (N = 40) was found, a value just
barely above our RP-HPLC detection limit. Six hours after
nephrotoxic serum injection, glomerular LTB4 release showed
a maximum with 5.52 0.50, which declined to 2.20 0.10
after 12 hours, to 0.79 0.13 after 24 hours, and to 1.15 0.30
ng/mg glomerular protein after 48 hours. Seventy-two hours
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Fig. 2. Fragmentation patterns (positive ion chemical ionization spec-
tra) of trimethylsilyl ether ethyl ester of glomerular supernatants in
nephrotoxic serum nephritis (A) and of reference LTB4 trimethylsilyl
ether ethyl ester (B).
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Metabolism of LTB4
Discussion
The development of glomerulonephritis has been associated
with the action of different mediators [1, 20]. Prostaglandins and
thromboxane have been intensively studied [2—4], and a role for
lipoxygenase products has been suggested [3, 16]. There is
controversy concerning LTB4 synthesis of glomeruli in neph-
rotoxic serum nephritis. Thus, Rahman et al [141 reported that
they found no LTB4 in nephrotoxic serum nephritis, while
Lianos described an early response at one hour after challenge
with the nephrotoxic serum [13]. We therefore investigated the
time course of glomerular synthesis of leukotrienes during the
first days of nephrotoxic serum nephritis. In the present exper-18.00 iments we employed GC/MS analysis which provides a higher
specificity for LTB4 than immunoreactive methods. Identical
GC retention times and identical mass spectra to synthetic
LTB4 provided unequivocal evidence for the synthesis of LTB4
in the glomeruli of rats with nephrotoxic serum nephritis. No
LTB4 was synthesized by glomeruli of untreated animals or in
glomeruli of animals immunized with rabbit IgG and CFA only.
For untreated animals this finding is in agreement with the
report by Leficowith, Morrison and Schreiner [211 who also
300 found no LTB4 synthesis from endogenous arachidonic acid in
normal rat glomeruli stimulated with A23l87. In contrast,
Cattell et al [15] report LTB4 synthesis in normal glomeruli even
£ without addition of A23 187. This discrepancy may well be the
E result of differences in analytical sophistication, as the former
4 group used RP-HPLC purification and GC/MS methods while
the latter group relied on RP-HPLC and radioimmunoassay
with an antibody that showed considerable cross reactivity with
an unknown substance in the glomerular supernatants.
Nephrotoxic serum nephritis is an acute experimental gb-
merulonephritis. The prominent feature of glomerular damage
in this model is albuminuria whereas the glomerular filtration
rate remains largely unchanged [4]. Preimmunization with rab-
bit immunoglobulin seven days before administration of rabbit
anti-rat glomerular basement membrane antiserum in our study
led to an acute heterologous as well as accelerated autologous
phase of nephrotoxic serum nephritis. During the first hours
after induction of the disease, an infiltration by neutrophil
granulocytes can be seen, followed by an influx of monocytes
several days later [12, 22].
The time course analysis of our experiments shows a signif-
icantly enhanced glomerular LTB4 release only during the first
12 hours after induction of the nephrotoxic serum nephritis.
This indicates that LTB4 may only be involved during the initial
stages of the disease. Since during this time the glomerular
infiltration by granulocytes is most impressive, it is conceivable
that LTB4 acts as a chemotactic agent and is involved in the
accumulation of granubocytes. The constant rise of albuminuria
well beyond the time of maximum LTB4 release suggests that,
once excretion started, albuminuria progresses independently
of the capacity of the diseased glomeruli to synthesize LTB4.
The cellular origin of the LTB4 found in the glomerular
supernatants is unknown. Electron microscopy showed the
presence of wall adhering neutrophils in the glomerular capil-
laries, this finding being most prominent after 6 and 12 hours of
nephrotoxic serum nephritis. These granulocytes might contrib-
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conversion of LTB4 to 20-OH- and 20-COOH-LTB4 within one
hour.
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Fig. 3. Selected ion monitoring (SIM) in the negative ion chemical
ionization mode of the ethyl ester trimethylsilyl ether fro?n glomerular
material in nephrotoxic serum nephritis (m/z 328) (A) and of trideuter-
ated LTB4 ethyl ester trimethylsilyl ether as internal standard (m/z 331)
(B).
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Fig. 4. Time course of glomerular LTB4 synthesis and development of
albuminuria in rats after application of nephrotoxic serum (NTS).
Values at time point 0 are those of preimmunized rats. Symbols are (•)
LTB4; (0) albuminuria. (N) denotes number of rats. * denotes P <
0.001 versus controls.
after induction of nephrotoxic serum nephritis, the control
values were reached. Only the six and twelve hour values were
significantly (P < 0.01) higher than the control values. The time
course of LTB4 synthesis before and after challenge with
nephrotoxic serum is shown in Figure 4. No peptide leuko-
trienes were detected in glomerular samples from nephritis rats
or from control animals (detection limit 400 pg/mg glomerular
protein).
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Neither control nor nephritic glomeruli showed conversion of
LTB4 to 20-OH- or 20-COOH-LTB4. In contrast, rat granulo-
cytes of both control and nephritic rats showed about 70%
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ute to the glomerular LTB4 synthesis in our model of glomeru-
lonephritis. However, in a study using heterologous nephro-
toxic serum nephritis comparing glomerular LTB4 synthesis in
rats with normal neutrophil counts to rats depleted of neutro-
phils, identical amounts of immunoreactive glomerular LTB4 in
both groups of animals were found [23]. Moreover immunore-
active glomerular LTB4 synthesis was also reported in models
of glomerular disease developing without infiltration of leuko-
cytes, that is, in cationic bovine gamma globulin disease [14]
and in passive Heymann nephritis [23] in rats. These results
suggest that resident glomerular cells are able to synthesize
LTB4 if stimulated appropriately. Consequently, the presence
of granulocytes, instead of indicating the origin of LTB4 pro-
duction, might well be due to the chemotactic effect of LTB4
released by resident glomerular cells. Furthermore, granulo-
cytes have been shown to metabolize LTB4 rapidly to its omega
oxidation products [24]. We also studied the metabolism of
LTB4 by granulocytes isolated from rats with nephrotoxic
serum nephritis and confirmed that in this condition metabolism
also proceeds rapidly (about 70% metabolism within 1 hour) to
20-hydroxy- and 20-carboxy-LTB4. By contrast, exogenous
LTB4 added to glomeruli of control and nephritic rats was not
metabolized to its omega-oxidation products as previously
shown for normal glomeruli [251. The absence of these metab-
olites in the present experiments could be the consequence of a
low LTB4 substrate concentration, inhibition of metabolism by
granulocytes associated with glomeruli, or an indication that
glomerular granulocytes are quantitatively of only minor impor-
tance.
The present study demonstrates that in nephrotoxic serum
nephritis LTB4 can be synthesized in glomeruli under in vitro
conditions and after stimulation by calcium ionophore. Signifi-
cant differences in LTB4 synthesis could be established be-
tween rats with nephrotoxic serum nephritis and control ani-
mals. Thus the results presented in this report provide a
rationale for studying LTB4 synthesis in vivo in the initial phase
of this type of glomerulonephritis.
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